The preparation o f the title com pound 4 by electrochemical reduction of 4,4,8,8-tetrachloro-dispiro[2.1.2.1]octane 3 is described. The geometry of the compounds is discussed in terms o f quantum chemical calculations and spectroscopic results.
Recently we have shown that highly strained bicyclobutanes can be synthesized by electrochemi cal reduction of the corresponding halides [3] , The successful application o f this m ethod to the syn thesis o f 1 encouraged us to attem pt the synthesis of the more highly strained com pound 4. Due to its high strain energy this fragile structure is calling for delicate isolation techniques.
Preparation o f the tretrachloro precursor to 4 was accomplished by chlorination of the dione 2 . The dione 2 was prepared by the method given by Hoffm ann [4] , which proved to be superior to the earlier m ethod [5] , The polarographic analysis of the tetrachloro com pound 3 showed a halfwave potential o f -3 .3 V vs. Ag/A g+ (A g N 0 3 sat. in CHjCN). In contrast to the corresponding precur sor o f 1, which exhibited two waves at -3 .0 and -3 .5 5 V respectively, only one wave could be de tected. Preparative electrolysis o f 3 commenced at a working potential o f -2 .8 V and an initial sub strate concentration of 23 mmole-1-1. Progress of the reaction was m onitored by g.l.c. During this reaction no side products (as found for 1 ) could be detected. Though, if moisture was not excluded thoroughly, the hydrolysis product 5 was isolated. The thermal [6] or photochemical [7] conversion of bicyclobutanes to butadienes or cyclobutenes has been subject to discussions. According to these, bicyclobutanes are likely to undergo thermal rearrangement to 1,3-butadienes. The activation energy typically lies between 30 and 40 kcal/mole. This barrier was high enough to allow for isolation of the title com pound 4 by preparative g.l.c. None of the corresponding 1,3-butadiene could be de tected.
The 'H N M R spectrum o f 4 is very complex showing four groups of two equivalent protons each. The three observed coupling constants are typical for cw-vicinal, /rans-vicinal, and geminal couplings. Obviously the molecule does not exhibit the expected symmetry with two m irror planes but, possibly due to steric repulsion between the bridgehead chloro substituents and the cyclopro pane protons, is twisted to a certain extent at the spiro centers.
The effect o f additional strain caused by the two spirocyclopropane rings o f 4 was investigated us ing semiempirical quantum mechanical calcula tions and was found to complement results found for the 2,4-dimethylene derivative 6 , which has been synthesized recently and had been subject of some ab initio calculations [8, 9] , Results have been controversial, but it seems that the corresponding triplet diradical is thermodynamically more stable than the covalent isomer. Experimentally these could be even observed as separate species [10] . In the covalent isomer the bicyclobutane ring is cal culated to be considerably flattened (ref. [8] ref. [9] : 125°, 144°) [11] , and the central bond lengthened (ref. Table I .
Obviously the triplet diradical is more stable than the singlet diradical and the latter is isoenergetic to the covalent form. In the triplet form the central bond is cleaved and the ring flattened as il lustrated in Fig. 1 . Calculations on dimethylenebicyclobutane on STO-3G and 3 -2 1 G level o f theo ry [8, 13] have also shown the diradical to have a triplet ground state. The covalent species are nev- ertheless experimentally observable [10 ] as is the triplet diradical [13] . The com pounds under inves tigation are certainly a different system lacking some resonance stabilization, but nevertheless our results point in the same direction. CI calculations have been performed on the diradical systems, which are included in Table I . However, to get a better picture of the situation, one has to refer to ab initio m ulticonfiguration methods (M CSCF) with large basis sets.
Once the existance o f two minima is established the question of the energy o f the saddle point arises. Therefore, saddle point calculations were per formed in order to locate the transition state. A saddle point location calculation was run with the AM 1 method. The results indicated a saddle point with the data given in the Table ("saddle") .
Small ring bicyclobutanes can be conveniently prepared by electrochemical reduction. The struc ture of the title com pound has been established by its spectroscopical properties. In addition to that, semiempirical calculations have been performed, which gave a good estimate o f the nature o f the central bond. The dispirobicyclobutanes have two CH2-' / C^= CH2 closely related states like dimethylenebicyclobutane 3: the covalent form 2 and the triplet diradical 4. The central bond in the bicyclobutane ring of 2 has considerable diradical character too, resulting in a stretched and flattened ring.
Experimental
General and routine instrumentation.
N M R spectra were recorded on a Bruker W H 270 spectrometer using CDC13 as solvent and TMS as internal standard unless otherwise stated, IR spectra on a Perkin Elmer 399 instrum ent and Mass spectra on a Finnigan CH 7 or 311A or a VG-analytical 70-250S . Electrochemical meas urements were performed with a Bruker 310 polarograph and a M etrohm polarography stand. [4, 14] and 15 g (72 mmol) phosphorus pentachloride in 10 0 ml dry tetrachlorom ethane were heated to reflux for 4 h. The reaction mixture was poured on ice and neutralized with N a H C 0 3. The organic layer was separated, the aqueous phase ex tracted twice with CHC13, and the combined ex tracts filtrated and shaken with water. After drying (M gS 04) the solvents were evaporated. The residue was recrystallized from ethanol to give 
